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Abstract 
Miscanthus × giganteus is a promising biomass crop for Iowa, based on its high yields and low input 
requirements. However, several factors are limiting farmer adoption, particularly lack of best management 
practices (BMPs) that would balance agronomic, economic, and environmental performance. The goal of 
this project was to establish the “Long-term Assessment of Miscanthus Productivity and Sustainability” 
(LAMPS) trial at three Iowa sites and develop the human and research infrastructure to identify BMPs for 
M. × giganteus, with the ultimate goals of furthering Iowa’s bioeconomy and preserving its natural 
resources. 
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Background  
Miscanthus × giganteus is a promising biomass crop for Iowa, based on its high yields and low 
input requirements. However, several factors are limiting farmer adoption, particularly lack of best 
management practices (BMPs) that would balance agronomic, economic, and environmental 
performance. The goal of this project is to establish the human and research infrastructure to identify 
BMPs for M. × giganteus, with the ultimate goals of furthering Iowa’s bioeconomy and preserving its 
natural resources.  
Specifically, we will meet the following objectives: 
1) Develop a research framework and collaborator network, investigating agronomic issues 
underpinning a M. × giganteus supply chain for heat and power.  
2) Establish the “Long-term Assessment of Miscanthus Productivity and Sustainability” (LAMPS) trial 
at three Iowa sites to develop best management practices and mitigate risk.  
Scope of work 
 Funding for this project began in September, 2015, a delayed start that allowed us to best utilize 
supporting funds from the Iowa Energy Center. We have made progress with no major deviations from 
our proposed work plan (See Timeline, below).  In the last 28 months, we developed a research framework 
and collaborator network (completed Objective 1), and established the 2015, 2016, and 2017 LAMPS 
planting treatments (completing major Objective 2 tasks). We have sought and garnered external funding 
to work with stakeholders, raising awareness of our findings and their implications for bioenergy from 
perennial plants. Collaboration between Iowa State University and the University of Iowa Biomass Fuel 
Project (UIBFP) continues to be robust with shared outreach and funding applications. 
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Progress toward project objectives 
Objective 1: Develop a research framework and collaborator network, investigating 
agronomic issues underpinning a M. × giganteus supply chain for heat and power.  
During our first two years we have had >100 face-to-face, phone and online meetings with team 
members and stakeholder partners. We have now connected previously disparate members of related 
teams into a common research and outreach framework around LAMPS. New project members are 
listed in Table 1 and described as a deliverable in Table 2. The research framework and project 
management plan have been used to implement on-going research and develop funding applications 
(see Table 2, Deliverables), and helped our team land a role in a new Dept. of Energy Bioenergy 
Research Center 
(Center for 
Advanced 
Bioenergy and 
Bioproduct 
Innovation), 
bringing ~$6 
million to ISU and 
supporting base 
LAMPS activities 
through 2022. 
Research and 
funding 
advancements 
were shared with 
the Project 
Advisory Board 
(Table 3) at our 
first field day at 
the Central IA 
location this fall 
(Fig. 2). 
In the coming year we will be using the team and research framework we successfully 
developed in Objective 1 to conduct research and outreach activities in Objective 2, and prepare for the 
next phase of LAMPS funding. Our research framework can be encapsulated by the phrase “observe, 
explain, predict” and now encompasses not only field plot work at LAMPS sites but also supporting 
laboratory and computer modelling research.  We have used this framework to connect our collaborator 
network (Table 1) and related groups. For example, the LAMPS team now overlaps complementarily 
with CenUSA, Prairie STRIPS, farmed potholes (e.g., E2016-19), and precision conservation/subfield 
profitability teams (e.g., (Brandes et al., 2016, Brandes et al., 2017). In the last year we have leveraged 
the LAMPS infrastructure to support two additional LCSA projects led by Ashley Keiser and Amy Kaleita, 
respectively (see Table 2). As part of the Keiser project, we have been fumigating M. × giganteus and 
corn with C13 enriched CO2 to trace carbon (and nitrogen) pools within the plant/soil/microbe system.   
Fig. 1. Layout of one LAMPS replicate (top panel). Nitrogen fertilizer (5 rates; 0-400 lbs/ac; 300 
lbs/ac max in the corn) are applied to corn and Miscanthus each spring. Corn is planted 
annually, while Miscanthus was planted in 2015 (old), 2016, (middle), and 2017 (young). The 
bottom photos show the Central IA LAMPS plots planted in 2015 (left, center); suction 
lysimeter installed in corn check (right).  
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Objective 2: Establish the “Long-term Assessment of Miscanthus Productivity and 
Sustainability” (LAMPS) trial at three Iowa sites to develop best management 
practices and mitigate risk.  
Infrastructure 
LAMPS plots were planted in 
northwest (Newell), central (Ames) and 
southeast (Crawfordsville) Iowa (Fig. 2) in 
2015, 2016, and 2017 in accordance with our 
research plan and timeline, and nitrogen 
fertilization treatments implemented.  The 
final year of the project will focus fully on 
data collection and outreach.  
Data collection 
Throughout the project duration, 
Mauricio Tejera, the first student supported 
by this project, has measured morphological 
development, productivity, leaf area 
development, photosynthetic gas exchange, 
leaf nitrogen status and biomass yield. He is 
supported in these activities by Dr. Nicholas 
Boersma. Mr. Tejera has recently completed 
development of a new scale describing 
morphological development in M. × 
giganteus (Tejera &  Heaton, 2017) and is 
preparing complementary extension 
materials. This scale will enable farmers to 
conduct management at the right stage of 
plant growth, something that has not been 
clear before now. In 2017, Mr. Jacob Studt, an 
MS student co-advised by Heaton and Dr. 
Marshall McDaniel, began soil and water data collection, installing suction and resin lysimeters (30 and 
50 cm) in select LAMPS treatments (Fig. 1, bottom right). The nitrogen leached into the lysimeters is 
measured periodically, and coupled with monthly measurements of actual and potential nitrogen 
mineralization. We have also measured soil temperature in the corn and M. × giganteus, finding M. × 
giganteus plots with leaf litter typically have a 5 ˚C temperature lag compared to corn, indicating the 
important role of litter in buffering soil temperature. In the coming year we will quantify the impact of 
this temperature differential on microbial processes that mediate nutrient cycling, such as nitrogen 
mineralization. To translate and compare data from LAMPS research plots, we also installed soil 
temperature sensors in UIBFP commercial fields to explain overwinter survival observations.  
LAMPS replication 1 (of 4) 
Fig. 2. Location of each LAMPS site and proximity to 
bioenergy endusers (top). Project Advisory Board field tour 
Sept. 29, 2017, at the Central location near Boone, IA. 
POET Biorefining 
DuPont Pioneer 
University of Iowa 
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Education and outreach 
Since inception of this 
project, we have worked with >10 
graduate and undergraduate 
students, given > 10 field tours, 
reached >300,000 people on 
social media (Fig. 4), written 6 
project updates, presented 
LAMPS results at >15 scientific 
meetings, and published 1 peer-
reviewed journal article (Tejera &  
Heaton, 2017).  In the last year of 
the project we will graduate a 
PhD student (Tejera), publish 3 
more peer-reviewed journal 
articles, develop a M. × 
giganteus development 
factsheet, and continue our 
popular workshop for current 
and new M. × giganteus 
growers.  
In addition to LAMPS 
activities, Heaton has been 
active with government 
agencies, bringing attention to 
strategic integration of 
perennials into the Iowa 
landscape through her 
involvement in the federal 
Biomass Research and Development Technical Advisory Committee, and the state Bioenergy 
Implementation Plan committee. Heaton, Gronstal Anderson, and STRIPS PI Lisa Schulte Moore continue 
joint interaction with policy makers. 
The following tables summarize our expected and actual accomplishments. Following these tables 
the Budget describes our Year 3 request. 
Fig. 3. Gronstal Anderson and Heaton with UI senior leadership (left) and 
presenting to new and current Miscanthus farmers (right). 
Fig. 4. Online impact summary as of Sept. 20, 2017. 
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Timeline  and Progress 
Objective 1: Foster a research framework and collaborator network 
Timeline Task  Year 1 Progress Details Deliverables (see Table 2) 
Spring 2015 –
Winter 2016 
Connect team Complete 
  A collaborator network (Table 1) 
 A research framework (used for 
in-progress research and 
funding applications)
Objective 2: Establish LAMPS trials 
Spring 2015 
Plant M. × 
giganteus  
Complete  
   LAMPS physical infrastructure in 
place
Initiate 
treatments 
Summer 2015 
– Spring 2018 
Collect baseline 
data 
In Progress  
  12 Presentations at meetings
 1 peer-reviewed journal article 
 11 External grant proposals
Summer 2015 
– Spring 2018 
Education and 
outreach 
In Progress 
  Increased stakeholder and 
public awareness 
  Field days at M. × giganteus  
sites
  Factsheets, social media
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Table 1. Objective 1 Deliverable: Collaborator Network. The following people directly engaged in LAMPS 
research and/or outreach activities (both active and proposed) in 2016 and/or 2017.  
Name Institution Focus Department 
Andy VanLoocke Iowa State University Agroecosystem modeling Agronomy 
Sotirios Archontoulis Iowa State University Agroecosystem modeling Agronomy 
Anna Johnson Center for Rural Affairs Bioenergy - Policy  
Jeremy Martin Union of Concerned Scientists Biofuels - Policy  
Ingrid Anderson University of Iowa Combustion and 
compliance 
Facilities 
Erin Hodgson Iowa State University Entomology Entomology 
Greg Brenneman Iowa State University Extension - Ag Engineering  ABE 
Meaghan Anderson Iowa State University Extension - Crops  Agronomy 
Ryan Drollete Iowa State University Extension - Farm 
Management 
 AgEcon 
Amber Hoover Idaho National Lab. Feedstock composition Biofuels and 
Renewable Energy 
Technologies 
Rachel Emerson Idaho National Lab. Feedstock composition Biofuels and 
Renewable Energy 
Technologies 
Scott Wangsgard Case New Holland Feedstock harvest Sales 
Andy Suby Iowa State University Feedstock logistics CCUR 
Jim Rebhuhn Hertz Farm Management On-farm   
Steve Schomberg Meeker Farms On-farm   
Dan Black Private farmer On-farm   
Jim Meade Private farmer On-farm   
Travis Hedrick Repreve Renewables On-farm   
Amy Kaleita Iowa State University Soil and water variability ABE 
Ashley Keiser Iowa State University Soils EEOB 
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Marshall McDaniel Iowa State University Soils Agronomy 
Lisa Schulte Moore Iowa State University Sustainability NREM 
Mark Mba Wright Iowa State University Technoeconomic analysis Mech Engineering 
Robert Brown Iowa State University Thermochemical conversion Mech Engineering 
Matt Helmers Iowa State University Water movement and 
quality 
ABE 
Michelle Soupir Iowa State University Water quality ABE 
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Table 2. Deliverables (combined for Objectives 1 and 2) 
Collaborators (not including students and staff) >20 + Project Advisory Board (overlapping) 
Students and staff trained (funded by this grant) 8 (1 staff, 1 postdoc, 1 PhD, 3 undergraduates, 2 
George Washington Carver interns; names on 
request) 
Grants proposals submitted (see Table 4) 11 total 
Team member meetings >100 
Outreach events 14 (6 scientific presentations, 4 field days, 4 
invited stakeholder meetings) 
LAMPS Infrastructure Crop established, treatments implemented, soil 
temperature sensors, suction lysimeters, Repreve 
Renewables donated custom-built Miscanthus 
planter, New Holland donated tractors and 
harvest equipment 
Baseline data collected Gridded and deep-core soil quality (multiple 
measures, depths), soil temperature, crop growth, 
development, phenology, photosynthesis 
parameters collected for agroecosystem models 
(to be used with team members Miguez, 
Archontoulis, VanLoocke, Schulte Moore 
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Table 3. LAMPS Project Advisory Board Members 
 
Name Affiliation 
 
Ingrid Gronstal Anderson University of Iowa Facilities and Management 
 
Travis Hedrick AgGrow Tech (formerly Repreve Renewables) 
 
Meghan Anderson Iowa State University Extension and Outreach 
 
Ryan Drollete Iowa State University Extension and Outreach 
 
James Meade Meade and Conley Farms 
 
Dan Black Black Hills Farms 
 
Steve Schomberg Meeker Farms 
 
Jim Rebuhn Hertz Farm Management 
 
Table 4. Funded and pending proposals submitted since project inception 
Funded 
Project Title Name of 
Grantor 
Participants Period Grant Amount 
     
Center for 
Advanced 
Bioenergy and 
Bioproduct 
Innovation 
US DOE DeLucia E, 
Hudson M, 
Khanna M, Long 
S, Moose S, Rao 
C, Singh V, Yang 
W, Zhao H, and 
many others  
2017-2022 $75,000,000 
Does Increasing 
landscape 
diversity if 
farmed closed 
depressions 
(potholes) 
increase 
profitability and 
ecosystem 
services? 
 Kaleita A., 
VanLoocke A., 
Soupir M. and 
Heaton E.A. 
2016 $121,140 
Reducing nutrient 
losses while 
increasing farm 
profit through 
Iowa Nutrient 
Research 
Center 
VanLoocke A., 
Heaton E.A., 
Muth D., 
Schulte L.A., 
Archontoulis S. 
2015 $67,641 
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precision 
conservation 
and Gronstal 
Anderson I. 
How does soil 
health differ 
between 
perennial and 
annual cropping 
systems across 
contrasting 
nitrogen 
fertilization 
treatments? 
 
The Leopold 
Center for 
Sustainable 
Agriculture 
Keiser A, 
McDaniel M, 
Heaton EA, 
VanLoocke A 
2017-2019 $84,944 
Prairie pothole 
soils: hotspots of 
nitrogen losses 
from Iowa 
agricultural 
landscapes?  
 
The Leopold 
Center for 
Sustainable 
Agriculture 
Hall S, Kaleita A, 
Heaton EA 
2017-2019 $95,702 
A model-based 
assessment of 
socioeconomic, 
policy and 
environmental 
implications for 
sustainable 
bioenergy 
 
USDA-NIFA 
 
Wang Y, 
Wright M, 
Heaton EA 
 
09/15/16-
09/14/2019 
 
$487,943 
 
Unsuccessful 
Project Title  Name of 
Grantor 
Participants  Period Grant Amount  
How do perennial 
grasses ‘tighten’ 
the nitrogen 
cycle? 
Foundational 
research in a 
model bioenergy 
crop to support 
process-based 
decision tools 
 
USDA-NIFA 
 
Heaton EA, 
VanLoocke A, 
McDaniel M, 
Keiser A 
 
01/04/17-01/03/20 
 
$499,999 
 
INFEWS/T3: 
Perennials and 
Pigs: A Market-
based Approach 
NSF-INFEWS 
 
Schulte L, 
Anderson D, 
Arbuckle J, Darr 
M, Elobeid A. 
10/01/2017-
09/30/2020 
$2,499,400 
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for Affordable 
Food, 
Green Energy, 
and Clean Water 
Heaton one of 7 
additional 
senior 
personnel with 
budget 
Integrating 
Perennial Energy 
Crops into 
Midwestern 
Landscapes to 
Support the 
Emerging 
Bioeconomy and 
Enhance 
Ecosystem 
Services 
USDA-NIFA 
 
Moore KJ, Birrell 
SJ, Brown RC, 
Heaton EA, 
Kinzel A, Kling C, 
Laird DA, Mba-
Wright M, 
Mitchell RB, 
Raman RD, 
Shinners KJ, 
Volenec JJ and 
others 
08/01/2017-
07/31/2022 
$15,000,000 
Pending 
Analysis and de-
risking of 
commercial 
miscanthus 
supply chains and 
bioenergy 
conversion 
USDA-DOE 
BRDI 
Heaton EA, 
VanLoocke A, 
Mba-Wright M, 
Stone E, 
Gronstal 
Anderson I, 
Hedrick T, 
Hazen E, and 
Meister T 
4/01/2018-
3/31/2021 
2,352,257 
Perennializing 
farmed potholes 
to improve 
ecosystem 
services. 
 
USDA-NIFA 
 
VanLoocke A,  
Hall SA, Heaton 
EA, Kaleita A,  
Soupir M,  
Schulte LA 
 
01/01/18-12/31/20 
 
$499,865 
 
 
Budget 
Year 3 budget request: 
We request $36,000 to support graduate research assistant salary, benefits and tuition from LCSA, with 
$27,662 in Salaries, $2,711 in Benefits at 9.8%, and $5,627 in Tuition. We recognize that the other 
$4,000 awarded to support travel and supplies will come from a separate 202 account. 
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Additional materials 
Please see http://faculty.agron.iastate.edu/heaton/current-research.html, Facebook (@ISUBiomass), 
and Twitter (@ISUBiomass) for more information, including factsheets, updates, and handouts. 
 
 
 
